Abstract. In this communication, structural, thermal and optical absorption properties of bismuth doped multicomponent tellurite glass (69TeO 2 -10ZnO-10WO 3 -5Na 2 O-5TiO 2 -1.0Bi 2 O 3 (mol %)) synthesized using melt quench method is reported. The X-ray diffraction confirms the amorphous structure of the synthesized glass. IR spectrum of bismuth doped glass show band at 601 cm -1 . Raman analysis observed mainly in four spectral regions which are R1 (65-150) cm -1 , R2 (280-550) cm -1 , R3 (880-950) cm -1 and R4 (916-926) cm -1 and identified bands are assigned to respective molecular groups. Thermogravimetric analysis profile show stability regarding to weight loss. Differential scanning calorimetry indicates good thermal stability of the synthesized glass for its applications in optical fibers. The absorption spectrum identified the cutoff wavelength at 430 nm.
Introduction
Recently, to enrich optical materials, tellurite glasses have attracted much attention due to their low melting temperature, high mechanical strength, good chemical durability, high solubility of rare-earth ions, excellent transmission in the visible and near infrared regions with wide transmission window (0.35 -6 µm), high linear and nonlinear refractive indices, moderate phonon energy (~ 750 cm -1 ), and large refractive index (n>2.0) [1] [2] [3] . Only TeO 2 cannot form a glass except under particular extreme conditions. The addition of various modifiers increases the glassforming range of tellurites. The addition of both ZnO and Na 2 O to form the ternary system increases the thermal stability of the tellurite glass and its resistance to devitrification. The addition of TiO 2 produces an increase of the linear and nonlinear refractive indices. Tungsten oxide (WO 3 ) is a precise noble semi-conducting and transition-metal oxide which has fascinated considerable attention for several years. Tungsten ions are also capable to influence the luminescence characteristics of rare earth ions in tellurite glasses, for the simple reason that these ions can exist in different valence states i.e., W 6+ , W 5+ and W 4+ irrespective of their starting oxidation state in glasses [4] [5] [6] . It's well known that in glasses Bi 2 O 3 increases linear and nonlinear refractive indices due to higher polarizability of Bi 3+ ions [7] . Bismuth doped glasses show broadband luminescence covering 1000-1650 nm with FWHM of 300 nm for optical amplification at 1300 nm [8] . It has been discovered that bismuth-doped aluminosilicate glass emits luminescence in an exceptionally wide region of 1000-1600 nm, [9] the luminescence of this glass extends to 2000 nm [10] . The long lifetime in the Bi co-doped glasses provided a significant route to develop the broadband fiber and planar laser and amplifiers [11] . In the present work, we reported on the structural, thermal, and optical properties of 1.0 %mol. Bismuth doped glass and to find its stability as host candidate material in broadband optical amplifiers.
Experimental
Conventional melt-quenching technique was used to synthesize transparent glass with the reagent grade TeO 2 , WO 3 , ZnO, TiO 2 , Na 2 CO 3 , and Bi 2 O 3 as starting materials (99.99% purity, from Sigma Aldrich). The composition of the glass prepared is 69(TeO 2 ).10(ZnO).10(WO 3 ). 5 (Na 2 O).5(TiO 2 ).1.0(Bi 2 O 3 ). The stoichiometric compositions of these raw materials were mixed thoroughly and melted in a high purity alumina crucible at 930 °C for 30 min. in an electric furnace under air atmosphere. Then the glass was made by quenching the melt onto a stainless steel plate. The synthesized glass was annealed for 5 h at 300º C to avoid the internal stress associated with melt-quenching and finally the glass is cooled naturally to the room temperature. Glass was prepared in powder form by agate mortar for X-ray diffraction (XRD), scanning electron microscopy (SEM/EDAX), Fourier infrared (FTIR), Raman spectroscopy, and differential scanning calorimetry (DSC) analysis.
XRD measurements were performed on glass powder samples using Ital Structure APD 2000 diffractometer with CuKα (λ=1.542 Aº) radiation with an applied voltage of 40kV and 20mA anode current. The scan rate was 2°/min., and the scan range was between 10° and 80°. Surface morphology was observed using FE-SEM equipment FEI-NOVA NanoSEM 230. The attenuated total reflection (ATR) Fourier transform infrared (FTIR) spectra of the glass powders were measured over the 400-4000 cm −1 range by a Perkin Elmer Spectrum 100 FTIR spectrometer with a spectral resolution of ∼4 cm −1 . The finely ground glass powder was pressed directly onto the ATR diamond crystal for the FTIR measurement. The Raman spectra were obtained with a WITec alpha 300R Confocal Raman system equipped with a Nd: YAG laser (532 nm) as the excitation source. An incident power of 10 mW was typically used. The Raman spectra was recorded within the spectral range of 0-3800 cm -1 for the Raman shift, with an integration time of 1 s for each single Raman spectrum. Thermogravimetric and differential scanning calorimetry measurements were performed with a Mettler Toledo TGA/DSC 1 HT Integrated Thermal Gravimetric Analyzer with high purity nitrogen as a carrier gas and a flow rate of 50 mL/min. About 10-20 mg sample powder was used in an alumina pan for the measurement. The sample was heated from room temperature to 1000 ºC at a heating rate of 10 ºC/min., using Al 2 O 3 as a reference sample. The room temperature optical absorption spectra of the synthesized bismuth doped glass was measured in the 200-800 nm spectral range using a dual-beam spectrophotometer (Hitachi U-4100 UV-Vis-NIR).
Results and Discussion
The XRD result in Fig. 1(a) shows that the Bismuth doped glass in amorphous phase with a broad hump between 20° and 35° with absence of any crystalline peaks. Our sample shows transparency with slightly yellow color. In the same way as shown in Fig. 1 (b) , from the 1.0 mol% Bismuth doped glass SEM image also the amorphous nature of the glass is confirmed due to the particle shapes and sizes being irregular and absence of any bubbles, crystals or clusters formation. IR spectroscopy is useful in identifying various structural units present in the materials. FT-IR spectra of the bismuth doped glass is shown in Fig. 2 (a) . The FT-IR transmission spectra identified the TeO 2 as anchor of the glass former. The band around 616 cm -1 is assigned to a vibration of the continuous networks composed of TeO 4 tetragonal bipyramids (tbp) [6] . The present FT-IR shows medium broadband at 601.1 cm -1 . Fig. 2 (b) shows bands around 2381 cm -1 , due H−O−H stretching modes and bending vibration of the free or adsorbed water and the OH absorbed. Table 1 presents some of the published reports on IR bands [12] [13] [14] [15] [16] [17] for tellurite glasses.
Fig. 2. The IR spectra of the bismuth doped glass

Table 1. Published reports on IR bands for tellurite glasses
The Raman spectra shows several broad bands as given in Fig. 3 . In the Table 2 [20] . The examination of the results of FTIR and Raman spectral features (Fig. 2 and Fig. 3 ) for the present glass under investigation demonstrates that, there is no development of the structural peaks of bismuth ion; which indicates the fine dispersion of bismuth ions in the synthesized glass.
Solid State Phenomena Vol. 268 Fig. 3 . The Raman spectra of the bismuth doped glass Table 2 . Published reports on Raman bands for tellurite glasses From the TGA profile of synthesized glass Fig. 4 (a) there is no weight loss due to H 2 O molecules evaporation observed before 100 C. The weight losses (in %) at 700-1000 C are analyzed directly from the measurement using in-built software and the value was 17.43%. In order to evaluate the thermal stability of the glass, the differential scanning calorimetry (DSC) investigation were performed. The DSC thermograms of Bismuth doped glass are shown in Fig. 4 (b) . The glass transition temperature (T g ), crystallization onset temperature (T c ), maximum crystallization peak temperature (T p ), and melting temperature(T m ), are identified and from these values glass thermal stability (Δ = T c -T g ) and Hruby's parameter are evaluated and listed in Table 3 . From the Table 3 it is clear that (T g ) found at 392 °C with. In another hand (T c ) present at 526̊ C for Bismuth doped glass. T g values show higher stability of synthesized glass comparing with recent studies [21] . Our glass shows stability at 134, if ∆ is larger than 100̊ C, the glass can be considered to have good thermal stability [22] , which is desired for achieving a large working temperature range during operation and it would be suitable for potential applications in fiber drawing and other devices such as fiber amplifiers. As fiber drawing, it is desirable to have ΔT as large as possible. The larger the ΔT, the smaller the scattering loss caused by the crystallization of drawn fiber [23] . Based on Table  3 thermal study observations we can indicate good thermal stability for the present glass. The optical absorption spectrum of Bismuth doped glass at room temperature showed in Fig. 5 . We didn't notice clearly any absorption bands in the visible region. The absorption for the wavelength 400-800nm gave the cutoff edge. It shows cut-off wavelength at 430 nm. In our glass and due to the ~ (3 mm) thickness, we chose absorption coefficient α(λ) at ~12 cm -1 as reference similarly as in [24] .
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